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MEASUREMENT OF THE ATMOSPHERIC TURBULENCE INNER SCALE BETWEEN

80 AND lOO KM
H. Teitelbaum
ABSTRACT

Theoretical considerations are presented, introducing
the structure function and establishing its form in comnec-
tioniﬁith the so-called inner scale as a function of dissi-
pated energy and kinematic viscosity.

This theory is then used to determine the inner scale
of the atmospheric turbulence by means of alkaline clouds;
experimental techniques and data are presented.

I. Introduction '

In almqsé all experiments conducted with alkaline clouds in the upper at-
mosphere, the clouds present a certain property beween 80 and 105 km. In this
zone the cloud not only appears to be deformed by winds, but alse shows an f}-
regular structure produced by turbulent movements (reff 1 and 2), ' /1%

We shall show here that information can be obtained on atmospheric turbu=-
lence by studying cloud structure, and we shall give the first findings obtained -
this way. °
II. Theory

When a fluid contains a scalar quantity, this quantity is distributed ac-

cording to the movements of the medium. When fluid passes from a zone with a

*Numbers given in the margin indicate pagination in original foreign text.
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-
fixed‘concentration to another zone of different concentration, a densit& grad-
ient is producedwhich molecular diffusion tends to diséipate. In other words,
there is an interaction befween turbulent convection and molecular diffusion;-
the former causes inhomogeneities which the latter destroys.

"Let us designate © as the concentration of scalar quantity. The total in-

homogeheity in volume V is defined as :
o G.‘l‘[ 8'2 47 3 G = § + e'
. 2 v . ) . -
The variation of G with respect to time is &ef. 3)

-g—%: 'K(gr.‘lndﬂé)2 - bD(grad @)% o
‘ . v. . B

where D = coefficient of molecular diffusion, and

K

coefficient of turbulent diffusion.
When there is equilibrium between the formation and the destruction of

inhomogeneities, we have:

K{grad 6 )2 - D(grad @) = N. (1

.

N is the quantity of inhomogeneity which is formed in the unit time as a result
of turbulent movements, and whichvdissipates due to molecular diffusion. it
plays the same part in the distribution process of a scalar as does energy dis-
sipated in the movement of the fluid. This theory, which has been applied to.the
study of heat transfer in a turbulen; fluid, permits an interpretation to be
made of the mixture of gases when the coefficient of mutual diffusion is con-

stant (ref. 4).
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Just as for a field of velocities, we can define a structure function as:

' T2 ,
0p M =[8(%) - © FH+T] " | @

This type of function was first used by Kolmogorof to study locally homogeneous

fields where a correlation function cannot~be defined. : . L2
Beginning with dimensional4considerations, and bearing in mind the para-

meters on which the structure function may depend for different ranks of the

variable, the following has been established for the function:

IN 2
3D r , ) {0\‘ ‘ r <<'0 (3)
D‘f‘) = N 2/3 ) . !
* a F?a— r- %\’ ‘O'<< rdd L y . (3.)

whe?é N cbrresponds to expression(l)g
€ is the energy dissipated for uni; mass and unit time;
L is the distance for which the structure function attains its maximum
value; it is also called the turbulent outer scale;
1, is the abscissa qfthe intersection of (3) and (3'); it is called the
turbulent inner scale; it is the parameter we measured; wnA
a is a dimensionless constant.

. From (3) and (3'), we derive

o =[liem ] @

;8 - (5)

We will obtain the value of constant a by spectral functions.
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Considerinﬁthat the concentration is an aleatory function of a locally
homogeneous field, it can be represented by a Fourier-Stieljes stochastic in-

tegral

: . - L s 4
8 = 8 (O) + j (1 oK) az (D)

Considering that
L d . e . - -» . "
dz(k) dz(k) = . § (k) S(K-K) dc dk,

the following results for the structure function

. X “ - * Lt *
Dg\® = 2 f (1-cos ™) & (M) o

When the field is isotropic, by integrating in all directions in the space

of wave numbers we obtain

‘. ) ". .,'<-:. kr . 2 .
D o (") _BWL “ i%——) k @ (k) dk 3 (6)
from which we derive: ’ /3
- . o0 ‘ ,
‘N = 4xD f kK4, § (k) ok .,

o .

The form ¢ (k) which satisfies expression (6) with D(r) given by (3') is
(ref. 3)

-~ -11/3 (8

& (k) __0.033a%/3k | (8)

For equal coefficients of molecular.diffusion and of kinematic viscosity,

the energy spectrum and the inhomogeneities take the same form up to a deter-

mined value of k from which both decrease.rapidly (refs. 5 and 6).



Townsend (ref. 7) showed that the dissipation of energy takes place bas-

ically around a wave number expressed as

ke (& ) - (9)

If we calculate N from expression (7), with & (k) given by (8), and inte-
grate to the value of k given by (9), we can calculate the value of a, which

is
‘ a=38, 3 _ (10)

The structure function of the velocities brings us to the foliowing ex-

pression for the inner scale

g = [-ili_Eilefj] 1/4

&

where v is the coefficient of kinematic viscosity,
. A

C is a dimensionless constant.

n
/

. By another procedure»the value of constant C was estimated at 1.6 (ref. 8).

Assuming

[_ui%zﬁ] a0 _;[(;‘ 2 ‘Q]A?]‘ '/‘*

we again obtain a = 8 for the case in which D = v

> .

III. Application to alkaline ¢louds
The sodiﬁm cloud is a scalér quantity. Its-atomic weight is practically
equal to the average molecular weight of atmospheric components at 100 km, in

the case of D = v,
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In the case of using trimethyl-aluminum, the substance which becomes vis-
ible is aluminum oxide. Its molecular weight is larger; the coefficient of mo-
lecular diffusion is therefore smaller.

When v >> D, a dissipative zone can be defined in the spectrum which is

found beyond the intersection due to viscosity (refs. 5 and 6): 14

(;\%_’__)'1/4 &L k << (-—E)%-‘ /4

There is then a distinct form for the spectrum as well as for the structure func-
tion. In the case considered, this zone is sufficiently reduced for it to be sim-
ilar to the case of sodium.

" Considered is the measurement of the structure functioe in alkaline clouds
to derive the value of the inner scale of atmospheric turbulence.

We shall obtain the function, except for an unimportant factor, since the
use of the logaritﬁmic scale permits us to find l, as an abscissa of the point

: W
- of intersection of two lines of slopes 2 and %.

IV. Experimental technique

The measurements were made on photographs of the clouds taken with a.tele-
scope having a focal distance of.60 cm and a diameter of 50 cm.

A photometer equipped with a notch which can be adjusted for width and
height permits us to measure the transparency of the negative on points along
the axis of an approximately cylindrical zone of the cloud;

We perforﬁed the sensitometry of the film by means of a tube sensitometer.

We must consider the angle formed by the cloud and the focal time of the
telescope, as well as tﬁe thickness of the former projected on the latter.

This makes the function which we measure on the plate

T
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We reduced this funcgion to a caléulable form and we calculated it for dif-
ferent values of the angle of projection and of l,. In this way we traced a
curve which gives us the relation with the average inner scalé measuredvon the
film (designaté&l'o and lo); this permits us to make the necessary corrections
(see fig. 1).

The sodium can be‘seen because of optical resonaﬁce; consequently, when
the optical thickness is greater than 0.3, muitiple diffusion inside the cloud

falsifies the results.
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Our measurements with sodium were made in an absorption-visible zone on
the bottom of another higher zone of the same cloud. In this case the effect of
multiple diffusion is negligible.

A relative error in estimating the distance between'the telescope and the
cloud produces the same relative error in 1,. Errors of 20 degrees in the angle
of projection cause a 10 percent error in the most unfavorable part of the cof-
rection curve. Neverthéless, to know these data precisely enough for photogram-

metric restitution of the cloud, we assumed a 15 percent error.

V. Results
For a sodium cloud experiment,
photographs taken of two absofptibn;observed zones on February 13, 1964
at 6 am, in Hammaguif, were studied. Results indicated that:
1, = 320 T50m at 92km altitude (fig., 2)

1, = 470 T70m at 100km (fig. 3)
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On 13 Feﬂﬁar& 1964, also in Hammaguir, a trimethyl-aluminum cloud was photo-
graphed. The result was:
1, = 190 ¥30m at 95km (fig. 4)
We calculated the'valﬁe of € with the coefficient of kinematic viscosity
given for the ARDC model.
This is obviously quite unreliable, in the first place because 1, is raised
to the fourth power, and in the second place because v varies greatly with the

altitude. Nonetheless, we feel that these results give an idea of the dissipa-

tion.

The sodium experiment gave the following results:

€ = 5 erg gm'I s~}  at 92 km,

€= 100 erg gm~! &~ at100 km.

For the trimethyl-aluminum, the result is:

€ = T -1

220 erg gm™! 87! " al 95 Kkm,
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